Although previous studies report cognitive improvement following atypical antipsychotic administration in schizophrenia (SC), few placebo-controlled within-subject studies with examination of confounds (symptom reduction, cooperation, learning, and outliers) have been reported. The present study examines the effects of atypicals and confounds upon cognition in SC. The hypothesis tested was that relative to placebo, atypicals as a general class of medication would elicit cognitive improvement in SC. In all, 19 patients with SC (15 males) completed the double-blind, counterbalanced, randomized within-subject study of the effects of atypical antipsychotics (risperidone, clozapine, olanzapine, or quetiapine) vs placebo administration upon cognitive performance in the domains of executive function, attention, memory, language, visual perception, and general intellect. Significant cognitive improvement during atypical antipsychotic administration relative to placebo withdrawal occurred in most cognitive domains with robust improvements in intelligence (p ¼ 0.001), memory (p ¼ 0.0009), and fluency (po0.002) even after outliers and unmotivated performances were excluded. These findings suggest that relative to placebo withdrawal, atypicals improve cognitive performance in SC. However, this finding may not be specific to atypicals, since analogous studies of typicals have not been performed.
INTRODUCTION
Schizophrenia (SC) is a psychiatric disorder characterized by a range of cognitive deficits in the domains of executive function, working memory, attention, and memory (Palmer et al, 1997; Weickert et al, 2000) . Alteration in the function of the dopamine neurotransmitter system has been hypothesized, at least in part, to underlie the expression of psychotic symptoms such as delusions, hallucinations, disordered thought, and avolition (Seeman, 1987) . Evidence supporting the dopamine hypothesis of SC has been based indirectly on the finding that administration of potent dopamine D2 receptor blocking agents have been successful in the attenuation of psychotic symptoms (Cole et al, 1964) . Although these so-called 'typical' neuroleptic agents have been relatively successful in the reduction of psychotic symptoms, they frequently cause adverse side effects, such as tardive dyskinesia, and have been thought not to improve performance on tests designed to assess the cognitive domains of executive function, attention, and memory (for a review see Goldberg and Weinberger, 1996) .
More recently, a new generation of 'atypical' antipsychotic medication has been developed that displays lower affinity for dopamine D2 receptors and greater affinity for other receptor sites such as serotonin and acetylcholine (Farde et al, 1989; Meltzer, 1989; Meltzer et al, 1989a, b, c; Richelson, 1984) . In general, the atypical antipsychotic medications produce an equivalent reduction in symptoms compared to typical neuroleptic medications and generally cause fewer undesirable side effects (see Geddes et al, 2000 for a review; however, see also Chen, 2002, 2001 for an alternate view suggesting superior symptom reduction for atypicals).
In their review of 15 studies examining the effects of atypical antipsychotic medication on the cognitive abilities of patients with SC, Keefe et al (1999) , after correcting for multiple comparisons, determined that nine of the 15 studies found significant cognitive improvement for at least one test measure. Several meta-analytic procedures applied to the 15 studies revealed that atypical antipsychotics were more effective than typical neuroleptics in producing cognitive improvement (Keefe et al, 1999) . However, enthusiasm for these results must be tempered since rigorous attempts to rule out or control for possible confounds (such as learning associated with repeated testing, lack of cooperation and motivation, symptom reduction, and inclusion of outliers) that may have influenced the results were not conducted in the majority of these studies.
Additionally, the majority of previous studies of atypical antipsychotics were between group comparisons, allowing for the possibility that cohort or baseline differences might have influenced the results. Few studies examined the effect of atypical antipsychotics in comparison with a medicationfree period using a within-subject design (Hagger et al, 1993; Potkin et al, 2001; Serper and Chou, 1997; Zahn et al, 1994) . With one exception, (Potkin et al, 2001 ), patients were always tested in the medication-free phase initially, thereby providing a potential practice or learning advantage for the medication phase. Additionally, with the exception of Potkin et al (2001) , previous studies did not use a particularly long medication-free phase (greater than 7 days) to effectively reduce dopamine blockade and restore dopamine activity to that generally associated with the occurrence of florid symptoms.
While the atypical antipsychotics appear to produce differential improvement of cognitive abilities in patients with SC (Bilder et al, 2002; Buchanan et al, 1994; Fujii et al, 1997; Gallhofer et al, 1996; Hagger et al, 1993; Hoff et al, 1996; Lee et al, 1994; Meltzer, 1992; Meltzer and McGurk, 1999; Potkin et al, 2001; Purdon et al, 2001) , the aim of the current study was not to describe unique profiles of cognitive enhancement associated with specific atypicals as has been shown previously, but rather to address the heretofore unanswered question of whether certain confounding variables contribute to the cognitive improvement associated with the administration of atypicals. Therefore, the objectives of the current study were two-fold: (1) to examine the effects of a general class of antipsychotic medication (atypicals) upon general cognitive abilities encompassing the domains of executive function, attention, memory, language, and perception in a well-diagnosed, partially treatment-responsive, yet chronically impaired, cohort of patients with SC by comparing performance during atypical administration to performance during a relatively extended medication-free period using a within-subject, double-blind, placebo-controlled, counterbalanced design (allowing for control of learning associated with repeated testing, which may serve as a confounding variable), and (2) to perform a critical examination of potentially confounding factors (such as learning, lack of motivation, outliers, and symptom reduction) that may bias results in favor of antipsychotic enhancement of cognition. Our working hypothesis was that there would be cognitive improvement in patients with SC administered atypical antipsychotics relative to the same patients when they were withdrawn from all antipsychotics and placed on placebo. Based on the Keefe et al (1999) meta-analysis, measures of verbal fluency, executive function, and attention would be most likely to display improvements following administration of atypical antipsychotic medications.
METHOD Patients
A diagnosis of SC or schizoaffective disorder was independently made by at least two board certified psychiatrists blind to the neuropsychological performance through application of DSM IV criteria during chart review and interview. Patients receiving concurrent axis I psychiatric diagnoses or having a history of recent substance abuse, head injuries with concomitant loss of consciousness, seizures, central nervous system infection, diabetes, or hypertension were excluded from the study. A total of 31 inpatients recently recruited through national advertisement for purposes of the current research study met the eligibility criteria. Eight patients withdrew consent and four were withdrawn due to marked symptom exacerbation during placebo administration and 19 (15 males and four females) completed the study at an in-patient psychiatry unit of either the Warren G Magnuson Clinical Center at the National Institute of Mental Health (NIMH), Bethesda, MD, or the NIMH Neuroscience Center at St Elizabeths Hospital, Washington, DC. Nine patients were classified with paranoid subtype of SC, eight with undifferentiated subtype, one with residual subtype, and one as schizoaffective depressed. The patients had a mean age of 33.8 years (standard deviation, SD ¼ 6.9), a mean number of years of education equal to 13.5 (SD ¼ 1.6), a mean age of onset of 22.3 years (SD ¼ 4.2), a mean duration of illness of 11.5 years (SD ¼ 8.8), and a mean Wide Range achievement TestRevised (Jastak and Wilkinson, 1984) Reading standard score (a measure of preserved pronunciation skills frequently used as an estimate of premorbid intellect) of 105.6 (SD ¼ 11.9). All patients provided informed written consent before participating in this study. This study was reviewed and approved by the Institutional Review Board of the National Institute of Mental Health.
Design
Using a double-blind within-subject design the study was divided into two phases. During one phase, patients were administered atypical antipsychotics: four received risperidone, three received clozapine, two received clozapine and risperidone, one received quetiapine fumarate, one received quetiapine fumarate and olanzapine, seven received olanzapine, and one received olanzapine and risperidone. See Table 1 for the daily dosages of atypical antipsychotic and adjunctive medications administered during the active medication phase. Antipsychotic medication was chosen based on availability of coded inactive forms and after consultation between clinician and patient. During the other phase, patients were administered placebo (or placebos in the case of administration of multiple antipsychotics and adjunctive medications during the active medication phase) and no adjunctive medications. To correct for potential learning effects, each patient was randomly assigned to one of two orders: half of the patients were first assessed on cognitive measures while receiving antipsychotics followed by cognitive assessment during the administration of placebo (the 'on-off' group); the other half of the patients underwent cognitive assessment while receiving placebo first followed by cognitive assessment during administration of antipsychotics (the 'off-on' group). During the period of administration of inactive medication, patients received placebo and were 'medication free' for a period of between 3 and 4 weeks (whole sample mean ¼ 24.5 days, SD ¼ 5.0; 'on-off' group mean ¼ 24.5 days, SD ¼ 6.1; 'offon' group mean ¼ 24.4 days, SD ¼ 3.9) before cognitive assessment was obtained in order to allow sufficient time for antipsychotics to clear their system. The mean number of days between cognitive assessments in the two conditions (antipsychotics vs placebo) was 84.2 days (SD ¼ 39.9). Assessments were made blind to the medication status of the patients. During the administration of atypical antipsychotic medication patients were 'stabilized' on an atypical antipsychotic medication for a period of between 6 and 7 weeks (whole sample mean ¼ 47.5 days, SD ¼ 17.5; 'on-off' group mean ¼ 43.3 days, SD ¼ 15.5; 'off-on' group mean ¼ 52.2 days, SD ¼ 19.3) before cognitive assessments were performed.
Cognitive Tests
A comprehensive battery of tests encompassing the cognitive domains of executive function, attention, memory, perception, and general intellect, previously demonstrated to be adversely effected in patients with SC (Palmer et al, 1997; Weickert et al, 2000) , was administered twice by a trained psychologist (TWW). Scoring followed standardized procedures. The Wisconsin Card Sorting Test (WCST) (Heaton et al, 1993) was administered as a measure of executive function. The N-back (0-3 back) test (Goldberg et al, in press; Callicott et al, 1999) was administered as a measure of working memory. The Distractibility version of the Gordon Continuous Performance Test (CPT) (Gordon, 1987; Gordon et al, 1996) was administered as a test of attention. Logical Memory I and II, Verbal Paired Associates I and II, Visual Reproduction I and II, and Digits Forward from the Wechsler Memory Scale-Revised (WMS-R) (Wechsler, 1987) , and List A trials 1-5, Free
Recall after a Long Delay, and Delayed Recognition from the California Verbal Learning Test (CVLT) (Delis et al, 1987) were administered as tests of episodic memory. Benton Line Orientation (BLO) and Benton Facial Recognition (BFR) (Benton et al, 1983) were administered as measures of visual processing ability. Letter and Category fluency tests (Spreen and Strauss, 1991) were administered as tests of language skills and lexical access. Forms A and B of the Trail Making Test (Reitan, 1986) were administered as tests of oculomotor tracking and psychomotor speed. A four-subtest version of the Wechsler Adult Intelligence Scale-Revised (WAIS-R) (Kaufman, 1990; Missar et al, 1994; Wechsler, 1981) consisting of the Arithmetic, Similarities, Picture Completion, and Digit Symbol Substitution tests was administered to obtain an estimate of current Full-Scale Intelligence Quotient (FSIQ).
Symptom Assessment
Symptoms were assessed weekly during the antipsychotic administration phase and the antipsychotic-free placebo phase by members of the nursing staff who were trained in the administration and scoring of the Positive and Negative Symptoms Scale (PANSS) (Kay et al, 1987) . The assessment closest to the cognitive testing dates in each phase of the protocol was used to obtain indices of positive symptoms, disorganization, negative symptoms, general, and total scale scores.
Statistical Analyses
The first analytic procedure (MANOVA) included all data collected from 16 out of 19 patients in order to maximize the N since three patients had missing data for some variables. Raw scores were first converted to z-scores to enable comparisons among different assessment measures. A three-way (medication status Â order Â test) repeated measures MANOVA was applied to the data set in which drug status (on vs off) and test were within-subject variables and order (on antipsychotic then off vs off antipsychotic then on) was considered a between-subject class variable. We considered a significant drug status Â test interaction to be the critical comparison that would permit the use of post hoc matched pairs t-tests to assess relative differences in cognitive change and symptom change during the administration of atypical antipsychotics and placebo. Determination of the effect size for each of the cognitive measures was used to assess the magnitude of the effect of atypical antipsychotic administration vs placebo. Additionally, matched paired t-tests of cognitive assessments during Time 1 vs Time 2 regardless of medication status were performed to determine whether learning or practice effects were present. Further methods to determine the robustness of the effect entailed: (1) application of a Bonferroni correction procedure (each of the t-tests results were considered to be significant after consistently and uniformly applying a Bonferroni correction for multiple comparisons using po0.002 unless otherwise noted), (2) exclusion of outliers by applying a À1.5 SD cutoff criteria to the entire data set, (3) exclusion of clinically determined poorly motivated or otherwise invalid performances, (4) correlation between symptom and cognitive changes, and (5) determination of the percent of patients' performances that were normalized following administration of atypical antipsychotic medication. Exclusion of outliers involved routinely applying a cutoff score of À1.5 SD units to the entire data set (including both antipsychotic and placebo conditions) for all patients blind to medication status. An individual score on any test that was 1.5 SD units below the sample mean was omitted from the analysis. In this sense any poorly performing outliers that may have biased the results in favor of finding a difference due to antipsychotics were excluded. Exclusion of clinically determined invalid performances involved a detailed review of the entire data set (including both antipsychotic and placebo conditions) for each patient by TWW and TEG, blind to medication status, to determine whether each patient exerted a 'reasonable' amount of effort during each test. Such effort was assessed on the clinical basis of (1) whether or not the patient was providing responses rather than simply providing statements such as 'I don't know' and obtaining scores of '0', (2) whether the patients' responses appeared to be intentionally directed to contradict the instructions of the experimenter (this occurred only in one instance), and (3) whether each patient's responses appeared to be inconsistent with their own performance or typical performances exhibited by most patients. If a patient was determined not to be exerting a reasonable amount of mental effort during any given test then the data collected during that session for that specific test was omitted from the analysis. For either exclusionary method described above, when data were removed for a patient on a specific parameter under a given condition (on or off medication) data from the corresponding condition was also removed from the analysis in order to allow for a matched comparison. Correlation and regression analyses were performed between difference scores for the cognitive testing sessions and change scores for symptoms to determine whether changes in symptoms or IQ may be related to changes in cognitive performance. In order to maximize the number of patients in our correlations we used pairwise deletion of missing data resulting in variable numbers of patients ranging from 12 to 17 on which correlations were based.
The percentage of patients whose cognitive performances were 'normalized' by the administration of atypical antipsychotic medications was calculated using two methods. The first stringent method determined the number of patients whose impaired scores (during placebo) on test measures improved by at least one standard deviation unit and fell within the average range as specified by published norms for those tests. For example, using this stringent method, a patient's estimated FSIQ score on WAIS-R would have to increase by at least 15 points from placebo to medication phase and be above 85 in order to be considered normalized. A second lenient method was also employed. Using the lenient method, each patient's scores during the placebo withdrawal period and during the atypical antipsychotic medication period were inspected to determine whether the scores improved to within one standard deviation of the mean of normal healthy subjects as described in previously published norms for each test measure. For example, using this lenient method a patient's estimated FSIQ score on WAIS-R would have to increase from below 85 to above 85 in order to be considered normalized.
RESULTS

Cognition and Confounds
Patients with SC uniformly and consistently demonstrated improvement in performance across all cognitive domains when administered atypical antipsychotics relative to their performance when they received placebo during a withdrawal period. Results of a three-way repeated measures MANOVA on the whole sample of patients demonstrated no significant effect of order (off then on vs on then off), F(1, 14) ¼ 0.01, p ¼ 0.92, a significant main effect of drug status (on vs off), F(1, 14) ¼ 48.81, po0.04, no interaction between order and test, F(16, 224) ¼ 7.40, p ¼ 1.00, and a significant interaction between drug status and test, F(16, 224) ¼ 61.41, po0.001. The latter results suggest that being on or off atypical antipsychotic medication had a differential effect upon the patients' performance on tests of different cognitive domains (ie not all tests improved to the same degree). Processes involving RT (CPT and N-back) or updating and set shifting (N-back, WCST perseverative errors) generally improved less, while memory and language production tasks improved more, as can be seen from Table 2 .
Results of individual matched pairs t-tests of patients' performance on and off medication demonstrated that drug administration significantly improved performance on measures of general intellect (WAIS-R FSIQ), memory (General Memory Index from the WMS-R), and word production (Letter and Category fluency) even after the Bonferroni correction (see Table 2 ). Although other measures did not reach statistical significance after correction for multiple comparisons, nearly all these other measures improved, albeit to varying degrees, with the administration of atypical antipsychotic medication. In general, effect sizes were moderate to large (see Table 3 ).
The within-subject comparison of Time 1 vs Time 2 assessments without regard to medication status indicated a lack of learning effects. Only five of the 34 Time 1 vs Time 2 comparisons met traditional significance levels (po0.05); significant differences were not consistent within a given cognitive domain and none withstood Bonferroni correction.
The results of the analyses following exclusion of outliers and the removal of invalid data considered to be compatible with a lack of effort on the part of individual patients during specific tests were virtually identical to the results presented in Table 2 (results available upon request). Application of these procedures resulted in the exclusion of data from 0 to 3 patients for any given parameter. Regarding the percent of patients whose cognitive performance was normalized following administration of atypical antipsychotics, using the stringent method of determining normalization, on average, 20.4% of the patients' scores were normalized over all tests and 24.1% of the patients' scores could be considered to be normalized over all tests after applying the lenient method (see Table 4 ). The percent of patients normalized using the stringent method ranged between 11.8% (for WMS-R General Memory Index and CPT Distractibility RT) and 33.3% for CVLT (slope and discriminability). Using the lenient method 42.1% of the patients were normalized on the WAIS-R FSIQ.
Symptoms
Administration of atypical antipsychotics also produced a marked improvement in symptom measures relative to placebo. With respect to PANSS-positive symptoms, during atypical antipsychotic administration the patient's mean score of 13.0 (SD ¼ 3.9) was significantly less than their mean score of 17.4 (SD ¼ 5.1) measured during placebo withdrawal, t(16) ¼ 3.14, po0.006. Likewise, with reference to PANSS-negative symptoms, during atypical antipsychotic administration the patients' mean score of 15.9 (SD ¼ 6.8) was significantly less than their mean score of 20.1 (SD ¼ 6.8) measured during placebo withdrawal, t(16) ¼ 2.36, po0.031. Additionally, with respect to the PANSS conceptual disorganization factor (Cuesta and Peralta, 1995; Dollfus et al, 1991) , during atypical antipsychotic administration the patients' mean score of 4.3 (SD ¼ 2.3) was significantly less than their mean score of 6.0 (SD ¼ 2.5) measured during placebo withdrawal, t(16) ¼ 2.39, po0.029. The effect sizes obtained in the whole sample with respect to positive, negative, and disorganized symptoms were 0.76, 0.57, and 0.58, respectively.
Symptoms and Cognition
We assessed the relation between symptom change (positive, negative, and disorganized) to change in those cognitive measures listed in Table 3 in a series of stepwise multiple regression analyses designed to maximize r 2 . We also included IQ as a regressor as it too improved significantly and might have impacted on other cognitive functions. With the exception of the ability of the PANSS conceptual disorganization factor to predict significantly CPT number correct, 
DISCUSSION
Administration of atypical antipsychotic medication enhanced performance significantly across multiple cognitive domains assessed in patients with SC relative to their performance when receiving placebo during a period of antipsychotic withdrawal (3-4 weeks). The differences remained statistically significant even after a variety of exclusion criteria were applied to the data set in an attempt to eliminate poorly performing outliers that may have biased the results in favor of finding a benefit for antipsychotics. Although application of a Bonferroni correction procedure for multiple comparisons eliminated a number of the significant results, several striking enhancements in test performance due to atypical antipsychotic administration (WMS-R General Memory Index score and Category fluency scores) remained significant. The MANOVA main effect also argues in favor of an effect of medication upon various measures of different cognitive domains, albeit to an attenuated degree. The large percentage of statistically significant comparisons prior to application of the Bonferroni correction also suggests that atypical antipsychotic medication produces a breadth of cognitive enhancement in this sample. Clinical exclusion of 'unmotivated' performances failed to eliminate significant differences. Additionally, exclusion of outliers using a 1.5 SD cutoff also failed to eliminate statistically significant differences. Cognitive improvement with administration of atypical antipsychotics did not appear to be driven by those patients receiving clozapine therapy since most significant differences obtained for specific assessments still remained significant after exclusion of those patients receiving clozapine, thereby maintaining significant differences even with a reduction in sample size (data available upon request). Lack of differences between Time 1 and Time 2 performances argues in favor of medication effects over simple practice effects as being responsible for the cognitive improvement obtained in this study. While administration of atypical antipsychotics also produced statistically significant reductions in symptoms as measured by PANSS ratings, the paucity of significant prediction of cognitive change by symptom change scores would suggest that the cognition did not improve due to direct attenuation of interfering symptom effects (but see discussion of unusual features and restoration of cognitive resources below). The series of regression analyses in our complete sample generally shows that the symptom change failed to predict cognitive change with the exception of the ability of the conceptual disorganization factor to predict CPT Distractibility correct. While this predictive factor may reflect some general improvement in gaining organized access to target representations in the face of distracters or competing stimuli, we were nevertheless struck by the overall lack of predictability. It is also important to note that none of the cognitive measures displaying moderately strong, significant correlations with symptom scores were variables showing the largest significant differences between administration of active and inactive atypical antipsychotics. The administration of adjunctive medication, such as valproic acid and benztropine, to a small number of patients in our sample during the active medication phase might have mild detrimental effects upon cognitive abilities and thus would operate to attenuate the findings. Use of a within-subject, double-blind, placebo-controlled, counterbalanced design also allowed partial examination of the hypothesis suggested by Gold (2003, 2002) that cognitive benefits following atypical antipsychotic administration are due to the absence of adverse cognitive effects associated with typical neuroleptics. By comparing atypical antipsychotic to placebo the effects of atypicals can be assessed relative to the disease state as opposed to a deficit state induced by typical neuroleptics. While patients in the present study displayed markedly better cognitive performance following administration of atypicals, a medication-free symptomatic state has its own inherent set of adverse factors that may produce cognitive deficits.
The results from this study support previous work that has demonstrated improvement in test scores following the administration of atypical antipsychotics. The sample of patients in the current study appeared to be representative of typical samples of patients with SC based on an approximate 10-point decline in IQ estimated by WRAT-R Reading and WAIS-R FSIQ difference scores. Also, patients were chronic and generally showed incomplete responses to treatment. Last, while some patients either withdrew from the study voluntarily or were withdrawn due to severe symptom exacerbation, the cognitive performances of these 12 patients, if it were not excluded for motivational reasons or as outliers, would most likely have been relatively poor due to frank disorganization and, therefore, would have resulted in improvements concomitant with antipsychotic administration.
Although many studies have shown improved performance on measures of attention following the administration of atypical antipsychotics (Hagger et al, 1993; McGurk et al, 1997; Serper and Chou, 1997; Stip and Lussier, 1996; Zahn et al, 1994) , the present study obtained significant differences in measures of attention only following removal of outliers and prior to application of the Bonferroni correction. The present study is consistent with previous studies demonstrating improvement in some aspects of executive function following administration of atypical antipsychotics (Buchanan et al, 1994; Gallhofer et al, 1996; Green et al, 1997; Hagger et al, 1993; Lee et al, 1994; McGurk et al, 1997; Meyer-Lindenberg et al, 1997; Rossi et al, 1997) at least to the extent that significant differences were currently obtained prior to the application of the Bonferroni correction in the current study. However, many of the tests of executive function used across studies vary widely in their task demands. Indeed, while those tasks that demanded rapid updating of target selection (N-back) and set shifting (WCST percent perseverative errors), both thought to be executive function subprocesses, did not improve significantly, WCST category formation, dependent on a 'win-stay' strategy (ie sensitive to positive feedback), improved markedly. Three previous studies have demonstrated improvements in episodic memory following administration of atypical antipsychotics (Kern et al, 1999; Lee et al, 1994; Potkin et al, 2001) . In the present study, comprehensive and marked improvement in episodic memory was also observed (especially notable were learning slope improvements). Some studies have demonstrated improvement in simple working memory performance following atypical antipsychotic administration (Galletly et al, 1997; Green et al, 1997; Rossi et al, 1997) ; however, our study found no difference on WMS-R digit span forward between patients receiving antipsychotic medication and the same patients receiving placebo. Our study is also consistent with many studies that have shown improvement on measures of language production (letter and category fluency) following atypical antipsychotic administration (Buchanan et al, 1994; Galletly et al, 1997; Hagger et al, 1993; Hoff et al, 1996; Lee et al, 1994; Potkin et al, 2001) . Also, our findings are consistent with two studies that show improvement in overall intellectual abilities (Fujii et al, 1997; Potkin et al, 2001 ). Although we considered the possibility that changes in specific cognitive domains were simply a function of gaining in general intellectual efficiency, this could not be confirmed by a regression analysis. However, it is clear that the ability or inability to obtain statistically significant differences on any given measure may be due in part to the statistical properties of the measure and sensitivity to detect changes, and not necessarily direct improvement of underlying cognitive abilities.
Of all the 15 studies from the Keefe et al (1999) metanalysis, only three (Hagger et al, 1993; Serper and Chou, 1997; Zahn et al, 1994 ) incorporated a medicationfree period during which cognitive assessment was obtained. Although these studies did utilize a within-subject design, due to the administration of testing in a fixed order (placebo or medication-free prior to atypical antipsychotic) these studies may have been subject to order effects. Additionally, these studies used a medication-free phase that was relatively brief (7 days maximum), which would minimize the likelihood that prior antipsychotic effects had cleared. The current study utilized a within-subject design such that patients were able to serve as their own controls. This procedure not only provided additional power to detect significant differences for our moderate-sized sample, but it also allowed us to test for learning effects. The current study suggests that medication rather than simple learning effects account for observed cognitive improvement since cognitive improvement generally occurred following administration of atypical antipsychotic medication regardless of group assignment (atypical treatment first vs placebo treatment first) and thus was consistent with the results of previous within-subject studies.
There are several unusual features in the results that bear discussion. First, scores changed on a test that is often thought to be stable, that is, IQ. Improvements were most marked in subtests of verbal abstraction and speed of processing (results available upon request), suggesting improvements at the level of conceptual organization and/ or attention. At the very least, the results imply that specific subprocesses account for gains, not reified notions of test labels. More generally, they may indicate that dopaminedependent signal-to-noise ratios may be more favorable in patients on antipsychotics, allowing for better performance. Second, beta weights for delineating the power of changes among symptom measures to predict changes in cognitive measures were consistently small and nonsignificant. While the results suggest that cognitive changes were not due to 'interference effects' caused by symptoms, they do not rule out the possibility that more general properties of neuronal signaling were improving, but were incompletely captured by both symptom and cognitive variables. Consistent with this is a third unusual feature of the data: improvements in cognition were relatively 'across the board' in the sense that they occurred over multiple domains of function. Again, the view that the effects of antipsychotic medication on neuromodualtory systems that bias networks toward more precise representations of stimuli and relations among representations, while speculative, cannot be dismissed out of hand. Of course, there are other less palatable possibilities. The results could be due to some unspecified confound or uncontrolled factor idiosyncratic to the present study or cohort, but we do not think this is highly probable because of the many prior reports of cognitive improvement with atypical antipsychotic treatment.
Clearly, global insults in brain function impair one's ability to perform in many domains of cognitive testing, and this manner of impairment can be reversed with clinical improvement in general brain function (Knights et al, 1991; Mandleberg and Brooks, 1975; Mayes et al, 1989; White et al, 1986) . This raises the question of whether the improvements we observed represent a true cognitive enhancement per se or simply restoration of more effective utilization of cognitive resources that pre-existed the symptomatic state of psychosis and that were unavailable or dysfunctional during the more clinically disturbed state. In other words, while it has been difficult to demonstrate a clear correlation between clinical symptoms and cognitive deficits, the fact that symptomatic improvement occurs contemporaneously with improvement in varied and broad realms of cognition implies that these cognitive improvements are manifestations of improved brain function in a more general sense.
One limitation of the current study pertains to the variety of atypical antispsychotic medication administered. However, the aim of the study was not to assess the effect of any given atypical antipsychotic medication upon the cognitive abilities of patients with SC, but rather to determine whether atypical antipsychotic medications as a general class produced cognitive improvement relative to an antipsychotic-free period (be it based on appropriate dosing, receptor pharmacology, or other unknown factors).
The extent of improvement across cognitive domains was not unexpected based on our current understanding of antipsychotic action and prior studies of atypical antipsychotics. What was unexpected was the magnitude of the effect based on effect size units. The implications of these results invite skepticism. Nevertheless, given the hardiness of the results to various manipulations designed to reduce the impact of confounds, the findings consistently support the idea that atypical antipsychotic medication used in doses that are low compared to historical doses of typical neuroleptics and that do not produce extrapyramidal side effects frequently have direct effects on tests of cognition at least insofar as improvement in cognitive test scores was not secondary to outlier effects or symptom and motivation changes.
